Introduction
Peritubular dentin of man, representing the most hypercalcified portion of the dentin, has been extensively studied by electron microscopy and microradiography [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Numerous arguments [13] [14] [15] [16] , however, took place on the formation of peritubular dentin and the final conclusion has not yet been drawn .
The presence of peritubular dentin itself is known to be variable in mammals according to the species or the types of the tooth . The author compared the process of formation of peritubular dentin between successional tooth germ of dogs 2-4 months after birth and permanent tooth of adult dogs and obtained the following results.
Materials and Methods
Fifteen puppies of 2-3 months of age with approximately 3 kg body weight and 3 adult dogs weighing 8-15kg were used . Puppies were anesthesized through intraperitoneal injection of 25mg/kg 0.9% Mintal and perfused with aldehyde washout solution of pH 7.4, containing 0.1% procaine from the left ventricle for about 10 minutes, followed by a reperfusion with Karnovsky solution of pH 7 .4. After decapitation, successional tooth germ was removed and separated into 2-3 parts , fol-l owed by refixation in Karnovsky fixing solution of pH 7 .4, for 2 hours. Adult dogs were decapitated after anesthesia and permanent teeth were immediately extracted and fixed in Karnovsky solution. These specimens were dehydrated in graded alcohol , dried in a critical point dryer, subjected to ion spattering coating with gold and palladium, and studied under a scanning electron microscope.
Results

Findings of successional tooth germ
The successional tooth germ in the stage of mantle dentin formation revealed predentin with a fibrous structure, intertubular dentin which attached granular substances to the surrounding of collagen and peritubular dentin being formed on the internal wall of the dentinal tubules (Figs . 1, 2) .
The end of formation of peritubular dentin is irregular, some of them are formed in isolation and there seems to be an accumulation of granular substances with diameter of approximately 300-700 A around the matrix fibers of peritubular dentin ( Fig. 2 , P.G.S.). At the end of the formation of intertubular dentin, on the other hand, dense granular substances with diameters of approximately 1100 A, larger than those around the peritubular dentin, are found around the matrix fibers of intertubular dentin ( Fig.s 1, 2, IGS) . Regarding the position of the end of formation of these, the intertubular dentin is mostly on the side of the pulp. The end of formation of isolated peritubular dentin, however is at the position approximately similar to that of intertubular dentin (Fig.  2, PGS) .
Comparison of matrix fibers between peritubular and intertubular dentin revealed thin fibers in the peritubular dentin ( Fig. 1, PMF ), which appears dense, unlike the intertubular dentin with a different course. The granular substances around these fibers in the predentin tended to increase as the calcification front draws near. Matrix graunular substances in intertubular dentin P.G.S: granular substances in peritubular dentin fibers are buried under the accumulation of these, forming peritubular dentin (Fig.  1, EF) . Granular substances smaller than before accumulate on the peritubular dentin formed in the beginning, with consequent increase in thickness of peritubular dentin. This process is understood in view of the presence of protrusions on the wall of peritubular dentin but not on the side of the enamel (Fig. 2) .
The thickness of the dentinal tubules is largest at the end of formation of perition, with a constant thickness thereafter, indicating that the peritubular dentin is 2. Findings in the permanent tooth of adult dog Fig. 3 shows the calcification front of predentin and dentin, with dentinal tubules lined with fibers and intertubular dentin. Fibers with the same thickness as those in the intertubular dentin are found on the tubular wall but no peritubular dentin or fibers seen in the tooth germ of puppies are found. The state of these fibers have changed at the calcification front (Fig. 3, CF) of the intertubular dentin. The fibers closer to enamel are denser than those closer to the pulp, and are surrounded by granular substances of various sizes measuring 600-900 A (Figs. 4, 5) . The space between fibers is incompletely filled with cementing substance in some part . The granular substance in the intertubular wall. Fig. 6 shows the appearance of mantle dentin which appears smoother and glistens with several lateral branches. Fig. 7 shows the appearance of circumpulpal dentin. The tubular wall shows a fibrous structure with diameters similar to those of fibers in the intertubular dentin. Granular substances are found around the fibers and the space in between fibers is partially filled with cementing substances but no peritubular dentin is noted.
Discussion and Conclusions
Many studies have been conducted on the presence or absence, and thickness of peritubular dentin. In the portion near the pulp of human coronal dentin, peritubular dentin is said to be extremely scarce or entirely absent [3, 10, 17] .
Peritubular dentin is present in some of the animal teeth but not in others [18] . Shimoyama [19] studied the peritubular dentin of dogs by microradiography, confirming its presence without defining the regional relationship of dentin. In the observation of dog dentin by the author using SEM, peritubular dentin was present in the mantle dentin but not in the circumpulpal dentin. No difference was found in the dentinal structure between these two sites.
Some new information were obtained on the formation of peritubular dentin in dogs. Matrix fibers of peritubular dentin seen in the predentin of successional tooth germ are thinner than the surrounding fibers, and granular substances accumulate around these fibers, completely surrounding them. This is the first formation of peritubular dentin. Granular substances smaller than the first granules thereafter gradually accumulate on the inside of dentinal tubules, forming peritubular dentin of almost constant thickness. The end of formation of peritubular dentin is extremely irregular and mostly found on the enamel side of the end of formation of intertubular dentin. The matrix fibers of peritubular dentin noted in the predentin probably corresponds to those found in the human dentin found by TAKUMA [13, 14] by the use of TEM.
In the mantle dentin of adult dogs, distinct peritubular dentin was noted around the dentinal tubules, corresponding to those seen in the successional tooth germ during the stage of mantle dentin formation. In the circumpulpal dentin, on the other hand, no peritubular dentin is noted. The tubular wall is covered by fibers with the same thickness as those in the intertubular dentin, corresponding to those seen in the predention of adult dogs.
While many reports are available on the wall fibers of dentinal tubules [20] [21] [22] [23] [24] [25] [26] , none deals with the granular substance. The findings of the author in dogs were quite similar to those found by IMAI [20] in human dentin. According to IMA!, these fibers are not calcified and the author agrees with this. The cementing substance between fibers is similar to that found by OYANAGI [23] within human dentinal tubules.
THYBERG [27] studied proteoglycan stained by Rutenium Red by the use of TEM in the cartilage matrix and NAGAI [28] in the predentin. TAKAGI [29] stained the proteoglycan in the cartilage matrix with Rutenium Red and Safranin-O. Comparison of images between TEM and SEM revealed approximately the same size.
The granular substances observed by the author have approximately the same size as the proteoglycan studied by NAGAI [28] . The granular substances of 700-900A. found in the dentinal tubular wall of circumpulpal dentin might participate in the future formation of sclerotic dentin.
Summary
Predentin, intertubular dentin, and peritubular dentin of successional tooth germ of puppies at the stage of mantle dentin formation and permanent tooth of adult dogs were studied by means of SEM and the following conclusions were drawn . 1) Peritubular dentin was present in mantle dentin but not in circumpulpal dentin. Dentinal tubular wall was smooth and glistening in the mantle dentin but shows a fibrous structure in the circumpulpal dentin.
2) The matrix fibers of peritubular dentin were thinner than the matrix fibers of intertubular dentin, with a dense distribution and different course. Around these fibers, granular substances measuring 300-700 A , smaller than those in the intertubular dentin, accumulate, burying the fibers and forming the first peritubular dentin. These are calcified and subsequently covered by small granular substances on the surface, which become smooth and glistening, forming peritubular dentin of approximately constant thickness.
3) The end of formation of peritubular dentin was more readily distinguished than the interlobular dentin. The end of formation is irregular with occasional island formation, some being formed simultaneously with interlobular dentin but mostly with delay.
